Characterization of the cystine/glutamate transporter in the outer plexiform layer of the vertebrate retina.
The cystine/glutamate transporter (Xc-) is widely expressed in the central nervous system and is thought to play a role in glutamatergic neurotransmission by releasing low levels of glutamate. Although previous studies have localized the transporter throughout the retina, we now present results from localization and functional studies within the first synaptic layer, i.e. the outer plexiform layer. Using light and electron microscopy, we have localized the Xc- transporter to the ribbon complex of both rod and cone photoreceptors in the rat, cow, lamprey, chicken and monkey retina, suggesting that the pre-synaptic expression of the Xc- transporter on the photoreceptor ribbon complex is phylogenetically preserved. The Xc- transporter does not appear to be located within the ribbon synapse of the inner plexiform layer. Developmentally, the evolution of distinct ribbon-shaped Xc- labelling in the outer plexiform layer parallels the known morphological and electrophysiological maturation of photoreceptors. Using the cation channel probe agmatine, we tracked cation fluxes within bipolar cells and therefore indirectly determined the modulation of glutamate release from photoreceptors. Such cystine-driven alteration in agmatine entry into bipolar cells can be modified by a specific metabotropic glutamate receptor 6 antagonist [(RS)-alpha-cyclopropyl-4-phosphonophenylglycine] and an Xc- transport inhibitor [(S)-4-carboxyphenylglycine]. The phylogenetic preservation of the transporter, its ultrastructural localization to the ribbon synapse and functional modulation of post-receptoral neurons collectively support a role for the Xc- transporter in glutamate neurotransmission in the outer retina of vertebrates. We have therefore proposed a model of glutamate release in the photoreceptor synapse that incorporates the Xc- transporter, which complements the established vesicular-mediated glutamate release.